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    Current research to understand the science associated with mesoscale structures has shown the 
need for new approaches to the fabrication of future small-scale structures. For many projects, 
gallium is an undesirable contaminant. Therefore, conventional FIB systems which utilize 
gallium liquid metal ion sources to achieve nanometer resolution severely limits applications and 
fundamental studies. Technology of selectively doping/modifying small regions in nanoscale 
device structures is needed to eliminate complex masking, implantation, evaporation, diffusion, 
annealing, and lift-off steps that become increasingly difficult as device dimensions shrink. Lack 
of integrated diagnostics in conventional systems also limits the information available from 
nanofabrication experiments. Integrated FIB/SEM dual-beam system would not only improve the 
accuracy, resolution and reproducibility when performing ion beam sculpting1 and direct 
implantation processes, but also enable researchers to perform cross-sectioning, imaging, and 
analysis with one tool2,3.  
 
A FIB/SEM dual-beam system is being developed at Harvard University and Lawrence Berkeley 
National Laboratory. It employs a mini-RF driven plasma source4 to generate various ion species 
of focused ion beam5 and a FEI two-lens electron (2LE) column for SEM imaging, as shown in 
Figure 1. The FEI 2LE column, which utilizes Schottky emission, proprietary electrostatic 
focusing optics, and stacked-disk column construction, can provide high-resolution (as small as 
20 nm) imaging capability, with fairly long working distance (25 mm) at 25 keV beam voltage. 
The mini-RF plasma source (Figure 2a) consists of a ceramic chamber with 1.5 cm inner 
diameter and a two-layer copper wires as external antenna.  Through a 50-µm-diameter 
extraction aperture, the current density of Ar+ ions that can be extracted reaches as high as 100 
mA/cm2 at only 150 W of input RF power (Figure 2b). An all-electrostatic two-lens system has 
been designed to focus the ion beam extracted from the source. Base on the ion optics 
simulation, beam spot size of as small as 300 nm can be achieved at beam energy range from 5-
35 keV if a 50-µm-diameter extraction aperture is used. Smaller beam spot size can be achieved 
with small aperture at sacrifice of some beam current. The system is under construction and will 
be tested in the next few months. Results will be presented at the conference.  
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Figure 1: Schematic diagram of the FIB/SEM dual beam system.  
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Figure 2: (a) Ar plasma generated using a mini-rf ion source. (b) Ar+ ion beam current density 
extracted from the source through a 50 µm diameter aperture, as a function of input RF power.  
 

i-RF source 

Holding
ceramic

 

Ceramic spacers
34.5keV
Outer g
housing

/centering 
 rods 

 

31.75keV 

23.3keV 

 

Figure 3: An all-electrostatic two-lens system is 
designed to focus the ion beam extracted from the 
ion source.  
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